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DESCRIPTION 



METHOD OF PRODUCING CELL EXTRACT FOR CELL-FREE PROTEIN SYNTHESIS 



Field of the Invention 

The present invention relates to a cell extract for cell-free protein synthesis, a method 
of producing the cell extract, a method of synthesizing a target protein by using the cell 
extract, a method of purifying the synthesized target protein, and a method of analyzing an 
interaction between the synthesized target protein and a substance. 
[0002] 

Background Art 

Known methods of synthesizing proteins include methods performed in living cells 
and methods performed in cell-free protein synthesis systems. A protein synthesized in any 
of those synthesis systems (hereinafter, also referred to as a "recombinant protein") can be 
utilized after purification with an appropriate method. Various methods for protein 
purification have been used depending on the types of proteins to be purified. Out of those 
methods, methods in which a protein to be synthesized is synthesized as a fusion protein 
having a peptide called "tag" using the synthesis system as described above and the 
purification of such a protein is then carried out by using an affinity support on which a 
substance that specifically binds to the tag peptide have been effectively used. 



As a usage of a recombinant protein, for example, in the case of using it for the 
structural analysis and the like, an extremely high degree of purity of such a protein is 
required (see "Basic Experimental Techniques for Proteins and Enzymes", Nankodo Co., Ltd., 
1981). In addition, when a recombinant protein is used in a functional analysis, one having a 
higher degree of purity is required. However, a target protein is rarely purified to a high 
degree even though the method of purifying a protein by using an affinity support as 
described above is performed, so that a combination of a plurality of purification has been 
required. 



[0004] 

Such protein purification with a combination of plural kinds of purification methods 



[0001] 



[0003] 



l 



ATTACHMENT A 



is not only complicated in operation but also causes an increase in loss of a target protein in 
each purification step. Thus, there are problems in such a case as structural analysis where a 
large amount of protein is required. 

Therefore, in order to solve those problems, a purification method having high 
purification efficiency has been desired. 
[0005] 

Meanwhile, methods of performing interaction analysis between a protein and a 
substance have been used in general. However, if a target protein solution to be used in any 
of those methods contains substances which do not normally interact but bind nonspecifically, 
there are problems that a lot of pseudo-positive results are obtained and analytical efficiencies 
are very low in the case where a support or the like, which carries a substance with which the 
protein interacts, is allowed to contact with the protein to obtain the protein which binds to the 
substance. Therefore, a method of analyzing the interaction between a protein and a 
substance with high efficiency, which will solve those problems, has been desired. 
[0006] 

DISCLOSURE OF THE INVENTION 
An object of the present invention is to provide a method of purifying a protein with 
a high degree of purification efficiency and a method of analyzing interaction between a 
protein (polypeptide) and a substance with high efficiency. To be more specific, an object of 
the present invention is to provide a cell extract for cell-free protein synthesis, which 
synthesizes a protein to be used in the method of purifying a protein with a high degree of 
purification efficiency and in the method of analyzing the interaction between a protein and a 
substance with high efficiency, a method of synthesizing a protein using the cell extract, a 
method of purifying a protein synthesized by using the cell extract, and a method of analyzing 
the interaction between a protein and a substance by using the protein synthesized using the 
cell extract. 
[0007] 

According to the present invention, the followings are provided. 

( 1 ) A method of producing a cell extract for cell-free protein synthesis, comprising 
the step of contacting a cell extract having a protein synthetic activity with an affinity support 
having an affinity to a protein to be synthesized using the extract, and removing substances 
bound to the affinity support from the cell extract, and wherein 
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the affinity support does not impair the protein synthetic activity of the cell extract 
when the affinity support is contacted with the cell extract. 

(2) The method according to (1), wherein the cell extract is a wheat germ extract. 

(3) The method according to (1) or (2), wherein the affinity support immobilizes a 
substance which can bind to the protein synthesized using the cell extract for cell-free protein 
synthesis produced by the method according to (1 ) or (2). 

(4) The method according to any one of (1) to (3), wherein the affinity support is a 
metal ion immobilized support. 

(5) The method according to (4), wherein the metal ion immobilized support is a 
cobalt immobilized support, a nickel immobilized support, or a zinc immobilized support. 

(6) A cell extract for cell- free protein synthesis, which is produced by the method 
according to any one of (1 ) to (5). 

(7) A cell extract for cell-free protein synthesis, wherein substances, which bind to an 
affinity support having an affinity to a protein synthesized using the cell extract and have little 
influence on protein synthetic activity of the cell extract, are removed. 

(8) A method of producing a protein, comprising synthesizing a protein by using the 
cell extract for cell-free protein synthesis according to (6) or (7). 

(9) A method of purifying a protein, comprising: 

performing protein synthesis reaction by using the cell extract for cell-free protein 
synthesis according to (6) or (7); and 

contacting the obtained synthesis reaction solution with an affinity support used in 
the production of the cell extract or with an affinity support which is substantially the same as 
the affinity support to allow the protein to bind to the affinity support, to thereby collect the 
protein. 

(10) A method of analyzing an interaction between a protein and a substance, 
comprising: 

performing protein synthesis reaction by using the cell extract for cell-free protein 
synthesis according to (6) or (7); and 

contacting the obtained synthesis reaction solution with the affinity support used in 
the production of the cell extract or with an affinity support which is substantially the same as 
the affinity support, both of which immobilize a target substance, to thereby analyze an 
interaction between the protein and the target substance. 
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[0008] 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. I is an electrophoretic photograph that shows the amounts of synthesized target 
proteins when a protein synthesis reaction is carried out by using a wheat germ extract treated 
with a Talon column or an untreated wheat germ extract. In the figure, lane 1 represents a 
marker, lane 2 represents creatine kinase as a control, lane 3 represents a result of a reaction 
solution in which N-His-JSP-1 was synthesized by using the untreated wheat germ extract, 
lane 4 represents a result of a reaction solution in which N-His-JSP-1 was synthesized by 
using the wheat germ extract treated with the Talon column, lane 5 represents a result of a 
reaction solution in which GFP was synthesized by using the untreated wheat germ extract, 
and lane 6 represents a result of a reaction solution in which GFP was synthesized by using 
the wheat germ extract treated with the Talon column. The protein synthetic ability of the 
wheat germ extract treated with the Talon column is approximately equivalent to that of the 
untreated wheat germ extract. 

Fig. 2 is an electrophoretic photograph that shows proteins purified by a Talon 
column after carrying out the protein synthesis reaction by using the wheat germ extract 
treated with the same Talon column or the untreated wheat germ extract. In the figure, lane 
1 represents a molecular marker, lane 2 represents creatine kinase as a control, lane 3 
represents a result obtained by synthesizing the above protein using the untreated wheat germ 
extract and then purifying N-His-JSP-1 using the same metal ion immobilized support, and 
lane 4 represents a result obtained by synthesizing the above protein using the wheat germ 
extract treated with the Talon column and then purifying N-His-JSP-1 by using the same 
metal ion immobilized support. In a case where the protein synthesized by using the wheat 
germ extract treated with the Talon column is purified using the same support column, it is 
found that the purification efficiency of the target protein is extremely higher than that of the 
untreated wheat germ extract. 

Fig. 3 is an electrophoretic photograph that shows proteins purified by a Ni-NTA 
column after carrying out a protein synthesis reaction by using the wheat germ extract treated 
with the same Ni-NTA column or the untreated wheat germ extract. In the figure, lane 1 
represents a result obtained by synthesizing the above protein using the untreated extract and 
then purifying PK65 using a Ni-NTA column, lane 2 represents a result obtained by 
synthesizing the above protein using the extract treated with the same Ni-NTA column and 



then purifying PK65 using a Ni-NTA column, lane 3 represents a result obtained by 
synthesizing the above protein using the untreated extract and then purifying PK142 using a 
Ni-NTA column, and lane 4 represents a result obtained by synthesizing the above protein 
using the extract treated with the same Ni-NTA column and then purifying PK142 using a 
Ni-NTA column. In the result that the protein synthesized using the extract treated with the 
Ni-NTA column is purified by the Ni-NTA column, it is found that the purity of the target 
protein in an eluent is high. On the other hand, in the result that the protein synthesized 
using the untreated extract was purified by the Ni-NTA column, it is found that, in addition to 
the target protein, proteins derived from the wheat germ extract were contained in an eluent at 
high concentration. In other words, it is confirmed that the target protein can be purified to 
an extremely high degree by purifying the protein, which is synthesized using the extract 
treated with Ni-NTA column, with the Ni-NTA column. 
[0009] 

BEST MODE FOR CARRYING OUT THE INVENTION 
Hereinafter, the best mode for carrying out the present invention will be described in 
detail. The explanation about the constitutions as described below is about the examples 
(representative examples) of embodiments of the present invention, so that the present 
invention is not limited thereto. 
[0010] 

(I) Production of cell extract for cell-free protein synthesis 

One aspect of the present invention is a method of producing a cell extract for 
cell-free protein synthesis. The method comprises the step of contacting a cell extract 
having a protein synthetic activity with an affinity support having an affinity to a protein to be 
synthesized using the extract to remove substances, which bind to the affinity support, from 
the cell extract, and the affinity support does not impair the protein synthetic activity of the 
cell extract even when the affinity support is contacted with the cell extract. The phrase 4i a 
cell extract having a protein synthetic activity" means a cell extract that is capable of carrying 
out cell-free protein synthesis when it is provided with template nucleic acids, amino acids, an 
energy source, and the like, and it includes any of cell extracts having such an activity 
(hereinafter, also referred to as a "cell extract"). To be specific, examples of the cell extracts 
include those from Escherichia coli, germ of plant seeds, and rabbit reticulocytes, and the like. 
Those cell extracts for cell-free protein synthesis may be commercially available or may be 



prepared by any of methods known in the art. For example, in a case of Escherichia coli, it 
may be prepared by using a method described in Pratt, J. M. et ah, Transcription and 
translation, Hames, 179-209, B. D. & Higgins, S. J., IRL Press, Oxford (1984). 
[0011] 

Examples of the commercially available cell extracts for cell-free protein synthesis 
which can be used include E. coli S30 extract system (Promega) as one derived from 
Escherichia coli, Rabbit Reticulocyte Lysate System (Promega) as one derived from rabbit 
reticulocytes, and PROTEIOS™ (TO YOBO) as one derived from wheat germ. 

In a case where a metal ion immobilized support is used in the purification of a target 
protein which is synthesized using the wheat germ cell extract, it is preferable to use the 
wheat germ cell extract for cell-free protein synthesis produced by the method of the present 
invention, because many substances which bind to the metal ion immobilized support are 
contained in the wheat germ cell extract. 
[0012] 

As a wheat germ cell extract, which can be used as a raw material in the method of 
producing a cell extract for cell-free protein synthesis of the present invention, a cell extract 
prepared by the method described in WO 03/064671 or the like is particularly preferably used. 

To be more specific, a wheat-germ cell extract can be prepared in the following 

manner: 

A germ fraction mainly composed of intact germ is collected from wheat seeds. In 
this case, the term "intact germ" means a germ having at least germinability, and the term 
"germ fraction" means a fraction that contains intact germ as a main component and from 
which a cell extract which can be used in the cell-free protein synthesis can be prepared. As 
the amount of germ contained in plant seeds is small, it is desirable to eliminate, to as great an 
extent as is possible, components other than germ, so as to recover the germ efficiently. 
Normally, mechanical force is first applied to the plant seeds so as to produce a mixture 
comprising germ, crushed endosperm and crushed seed coat. The crushed endosperm, 
crushed seed coat and the like are removed from this mixture, so as to produce a crude germ 
fraction (a mixture primarily composed of germ but also containing crushed endosperm and 
crushed seed coat). It suffices that the force applied to the plant seed is of a strength 
sufficient to separate the germ from the plant seed. 

Normally, conventional grinding equipment is used to grind the plant seeds, so as to 
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produce a mixture containing germ, crushed endosperm and crushed seed coat. The plant 
seeds can be ground using commonly known grinding apparatus but it is preferable to use 
grinding apparatus of the type that applies impact force to the material that is ground, such as 
a pin mill or a hammer mill. The degree of grinding may be suitably chosen according to the 
size of the germ of the plant seed that is used. For example, wheat grain is usually ground to 
a maximum length of no greater than 4 mm, and is preferably ground to a maximum length of 
no greater than 2 mm. Furthermore, it is preferable that the grinding is performed by dry 
grinding. 

Next, a crude germ fraction is recovered from the ground plant seed produced, using 
classifier well-known per se, such as a sieve. For example, in the case of wheat grain, a 
crude germ fraction is normally recovered using a mesh size of 0.5 to 2.0 mm, and preferably 
0.7 to 1.4 mm. Furthermore, if necessary, the seed coat, endosperm, dust and the like 
contained in the crude germ fraction produced can be removed by wind force or electrostatic 
force. 

It is also possible to produce a crude germ fraction by using methods that make use 
of the difference in the specific gravities of germ, seed coat and endosperm, such as heavy 
media separation. In order to obtain a crude germ fraction containing a greater quantity of 
germ, a plurality of the methods described above may be combined. The germ is harder than 
any other part than the germ, so that the parts other than germ can be ground in the above 
grinding treatment, while the germ is not ground and can be separated while maintaining its 
shape. 
[0013] 

From the crude germ fraction containing germ, endosperm debris, seed-coat debris, 
and the like obtained as described above, germ is separated on the basis of the difference in 
shape from other components by visual observation or the like. Germ may be separated 
from seed-ground product, however, such a separation method is not efficient because the 
seed-ground product contains large amounts of components other than germ. As the 
endosperm component may adhere to the germ fraction produced in this manner, it is 
preferable that this be washed in order to purify the germ. It is preferable that this is washed 
by dispersing/suspending the germ fraction in cold water or a cold aqueous solution at a 
temperature that is normally no greater than 10 °C and preferably no greater than 4 °C and 
washed until the washing solution is no longer clouded. It is more preferable that the germ 



fraction be dispersed/suspended in an aqueous solution containing a detergent, which is 
normally at a temperature of no more than 10 °C and preferably at a temperature of no more 
than 4 °C, and washed until the washing solution is no longer clouded. It is preferable that 
the detergent is nonionic, and a wide variety of detergents can be used so long as these are 
nonionic. Specific examples of suitable substances include Brij, Triton, Nonidet P40, Tween, 
and the like, which are polyoxyethylene derivatives. From among these, Nonidet P40 is the 
most suitable. These nonionic detergents can, for example, be used at a concentration of 
0.5%. The washing treatment may be either one of washing with water or an aqueous 
solution, or washing with a detergent. Alternatively, the two may be used together. 
Furthermore, this washing may be combined with a supersonic treatment. 
[0014] 

Consequently, the germ fraction from which the endosperm component has been 
removed can be obtained. The absence of the endosperm component in the germ fraction 
can be confirmed by the fact that ribosomes cannot be substantially deadenylated with 
trichine. 

The germ obtained as described above is subjected to fine-grinding and extraction 
treatment, thereby a germ extract can be obtained. A method of obtaining a germ extract 
may be any of the conventional methods. For instance, germ that is frozen in liquid nitrogen 
is finely ground by using a mortar or the like, and then added with an extraction solvent and 
stirred, and subsequently, a liquid containing a germ extract is collected by centrifugation or 
the like, and followed by purification through a gel filtration or the like. Alternatively, the 
germ may be ground by means of an impact or cutting, and then added with an extraction 
solvent and stirred, and subsequently, a liquid containing a germ extract is collected by 
centrifugation and followed by purification through a gel filtration or the like. 

For extraction solvents, an aqueous solution containing buffer, potassium ion, 
magnesium ion and/or an antioxidant for a thiol group may be used. In addition, if required, 
the solution may be further added with calcium ion, L-amino acids, and the like. For 
instance, a solution containing N-2-hydroxyethylpiperazine-N , -2-ethanesulfonic acid 
(HEPES)-KOH, potassium acetate, magnesium acetate, L-amino acids, and/or dithiothreitol, 
or a solution prepared by partially modifying a method of Patterson et al. (i.e., a solution 
containing HEPES-KOH, potassium acetate, magnesium acetate, calcium chloride, L-amino 
acids, and/or dithiothreitol) can be used as an extraction solvent. The composition and 



8 



concentration of each component in the extraction solvent is known in the art, so that one 
which can be used in the method of producing a wheat germ extract for ceil-free protein 
synthesis may be used. 

A gel filtration can be carried out by, for example, using a gel filtration apparatus 
which has been previously equilibrated with an extraction solvent (containing HEPES-KOH, 
potassium acetate, magnesium acetate, dithiothreitol, or L-amino acids). The composition 
and concentration of each component in a gel-filtration solution are known in the art, so that 
one which can be used in the method of producing a wheat germ extract for cell-free protein 
synthesis may be employed. 
[0015] 

In the present invention, the term "affinity support" means a support that carries a 
substance having a property that it has an affinity to a specific protein and binds to such a 
protein and adsorbs the protein thereon. The affinity support can be used in the purification 
of a specific protein or any of other proteins through the specific protein by binding and 
adsorbing the specific protein thereon. In addition, an affinity support that carries such a 
substance that interacts with a specific protein is used in the analysis of interaction between 
the specific protein and a substance. In the method of the present invention, an affinity 
support having an affinity to a protein to be synthesized by using the cell extract for cell-free 
protein synthesis of the present invention is used. 

In the method of the present invention, the "substances bound to an affinity support", 
which are removed from a cell extract, may be any of substances as long as it is contained in 
the cell extract before being contacted with the affinity support, and binds to the affinity 
support and the protein synthetic activity of the cell extract is retained without loss even when 
the substance is removed from the cell extract having a protein synthetic activity. In addition, 
the phrase "the protein synthetic ability of the cell extract is retained" means that the protein 
synthetic ability of the cell extract is retained in such an extent that a target protein can be 
synthesized in an amount sufficient to be utilized. To be specific, it means that, the protein 
synthetic ability is retained not less than 30%, preferably not less than 50%, and more 
preferably not less than 70% as compared with that of the same extract but untreated. Those 
cell extracts include one having an increased protein synthetic ability as compared with that of 
the untreated cell extract. For instance, the protein synthetic ability can be determined by 
comparing the band-density of a synthesized protein by electrophoresis such as SDS-PAGE, 
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or comparing the amounts of a labeled amino acid incorporated into a synthetic protein after 

adding the labeled amino acids into a synthesis reaction system. 

[0016] 

Specific examples of the affinity supports, which are commonly used in the 
purification of proteins, include: metal ion immobilized supports such as a cobalt immobilized 
support and a nickel immobilized support and the like; metal ion immobilized supports 
composed of the combination of metal ion immobilized supports such as HiTrap chelating HP 
(Amersham) and IPAC Metal Chelating Resin (Eprogen) and the like, and metal ions such as 
a nickel ion, a cobalt ion, and a zinc ion and the like; antibody-immobilized support; 
maltose-immobilized support; glutathione-immobilized support; methotrexate-immobilized 
support; protein G-immobilized support; protein A-immobilized support; antibody Fc 
region-immobilized support; 4-aminophenylarsine oxide-immobilized support; and 
cellulose-immobilized support and the like. In addition, examples of the 
antibody-immobilized supports include anti-HA-antibody-immobilized support, 
anti-FLAG-antibody-immobilized support, anti-myc-tag-antibody-immobilized support, 
anti-T7-antibody-immobilized support, anti-V5-antibody-immobilized support, 
anti-thioredoxin-antibody-immobilized support, anti-CAT-antibody-immobilized support, 
anti-GFP-antibody-immobilized support, and anti-P-gal antibody-immobilized support, and 
the like. 
[0017] 

Preferable combinations of the above-described cell extract and affinity support 
include a combination of the wheat germ extract and any of metal ion immobilized supports, a 
combination of the wheat germ extract and the glutathione-immobilized support, and the like. 
Preferable examples of the metal ion immobilized support include the cobalt immobilized 
support and the nickel immobilized support. To be more specific, the cobalt immobilized 
support may be Talon Metal Affinity Resin (Clontech Laboratories, BD Bioscience), and 
examples of the nickel immobilized support include Ni-NTA- Agarose (Qiagen) and 
Ni-Sepharose (Amersham). 
[0018] 

Meanwhile, examples of supports used for analyzing the interaction between a 
protein and a substance include those that carry a substance, which binds to specific proteins, 
such as pharmaceutical ly active compounds, enzyme-inhibiting substances, ATP analogs, 
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nucleic acids, proteins, and polypeptides and the like. 

The support that constitutes an affinity support, and carries a substance having an 
affinity to a protein may be any of those that can be used in the method of of the present 
invention, such as production of a cell extract, purification of proteins, or analysis of 
interaction between a protein and a substance, or the like. Specific examples thereof, which 
are preferably used, include balls, beads, gears, microplates and the like which are made of 
agarose, cellulose, sepharose, polystyrene, polyethylene, polyacrylate, Teflon, polyacetal, or 
the like. An immobilization method may be any of those known in the art. 
[0019] 

The affinity support used in the method of the present invention may be selected on 
the basis of a criterion that the protein synthetic ability of the cell extract is retained without 
loss even if it is contacted with a cell extract to remove substances that bind to the affinity 
support from the cell extract. To be specific, for example, a target protein is synthesized by 
a method as described below by using the cell extract after contacting the cell extract with an 
affinity support by a method as described below (hereinafter, such an operation may be 
referred to as "adsorption"). Here, there is provided a method in which, by comparing the 
amount of the synthesized target protein with the amount of the target protein synthesized 
using an untreated cell extract by an appropriate method, the target protein having a 
synthesized amount of not less than 30%, preferably not less than 50%, and more preferably 
not less than 70% as compared with one synthesized using the untreated cell extract is 
selected. 
[0020] 

The method of producing a cell extract for cell-free protein synthesis of the present 
invention is characterized by comprising a step of contacting the cell extract with the affinity 
support. The "method of contacting the cell extract with the affinity support" may be 
suitably selected depending on the types of the affinity support and the cell extract. 
However, it is preferable to contact under the same conditions as those of the purification or 
interaction analysis of the protein synthesized from the cell extract for cell-free protein 
synthesis of the present invention by using the affinity support. However, it is important to 
contact such that the protein synthetic ability of the cell extract is retained. In addition, the 
volume of the affinity support and the cell extract to be brought into contact with each other 
may be suitably selected depending on their types, and the affinity support is preferably used 
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in a volume of 1/100 fold or more with respect to the cell extract, and more preferably in a 
volume of 1/10 to 10 fold, and most preferably in a volume of 1/5 to 2 fold with respect to the 
cell extract. 
[0021] 

Specific methods of contacting the cell extract with the affinity support include a 
batch method in which the affinity support and the cell extract are mixed together in an 
appropriate container, a column method in which the cell extract is loaded into an appropriate 
column after loading an affinity support into the column, and the like. In a case of using the 
column method, the affinity support is preferably equilibrated with an appropriate buffer in 
advance. The appropriate buffer is appropriately selected depending on the type of the 
affinity support to be used, and it is preferably replaced with the same buffer as that of the cell 
extract before addition of the cell extract. 
[0022] 

The temperature at which the contact is carried out may be within a range in which 
substances in a cell extract, which bind to an affinity support, are allowed to bind to the 
affinity support, and the protein synthetic ability of the cell extract is retained. To be 
specific, for example, the range is preferably from 0 to 50°C, and more preferably 2 to 30°C. 
In particular, when a wheat germ extract is used as a cell extract, the contact is preferably 
carried out at 4 to 26°C. The contact may be carried out for any time period as far as it 
allows substances in the cell extract, which bind to the affinity support, to bind to the affinity 
support, and the protein synthetic activity of the cell extract does not decrease. To be 
specific, for example, it is 1 minute or more, preferably 5 to 100 minutes, and more preferably 
1 0 to 60 minutes. 
[0023] 

When the metal ion immobilized support is used, a metal may be released from the 
support depending on the concentration of a reductant, particularly dithiothreitol in the cell 
extract, and, the metal ion immobilized support can be used as far as the released metal does 
not extensively affect the protein synthetic activity. In addition, it is advantageous to adjust 
the concentration of the reductant, or use another reductant, or the like to inhibit such release 
of metal. Further, when the metal ion immobilized support is brought into contact with the 
cell extract, the adsorption of substances which non-specifically and weakly bind to the metal 
ion immobilized support can be inhibited by adding a compound having an imidazole ring, 
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such as imidazole, or a derivative thereof (hereinafter, also referred to as "imidazoles"), which 
is effective to retain the protein synthetic ability of the cell extract for cell-free protein 
synthesis of the present invention. To be specific, the concentration of imidazoles is 
exemplified by 1 mM or more, preferably 2 to 50 mM, and more preferably 10 to 20 mM. 
[0024] 

Furthermore, the contact between the cell extract and the affinity support may be 
carried out after completion of all the steps for preparing a known eel! extract, or at any of 
steps after extraction of an extract having protein synthetic activity from cells. 
[0025] 

Therefore, the cell extract for cell-free protein synthesis of the present invention, 
which is produced as described above, is also within the scope of the present invention. The 
cell extract for cell-free protein synthesis of the present invention is characterized in that 
substances, which bind to an affinity support having an affinity to a specific protein and do 
not significantly cause an influence on the protein synthetic ability of the cell extract, are 
removed. 

The cell extract for cell-free protein synthesis of the present invention may be added 
with a template for translation, nuclease inhibitors, various kinds of ions, substrates, energy 
sources and the like, which are required for protein synthesis (hereinafter, also referred to as 
"additives for translation reaction") to provide a synthetic system (kit) for a target protein, 
thereby allowing the synthesis of a protein. In addition, the cell extract for cell-free protein 
synthesis of the present invention is concentrated by using an appropriate apparatus and then 
can be used for the synthesis of a target protein. The cell extract for cell-free protein 
synthesis of the present invention may be frozen and stored, or may be stored as a liquid that 
is added with additives for translation reaction except the translation template and nuclease 
inhibitors (herein also referred to as "ready-made cell extract"). Furthermore, it may be 
freeze-dried and stored by using the method as described in JP-A-2000-3 16594, 
JP-A-2002-125693, or the like. The phrase "does not significantly cause an influence on the 
protein synthetic ability of the cell extract" means that, when the substance is removed from 
the cell extract, the protein synthetic ability thereof is not less than 30%, preferably not less 
than 50%, more preferably not less than 70%, as compared with that of the untreated cell 
extract. 
[0026] 
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(2) Synthesis of target protein 

Protein synthesis can be performed by adding the above mentioned additives for 
translation reaction to the cell extract for cell-free protein synthesis produced by the method 
as described in the above section (1 ) to provide a system for synthesis of a target protein. 
The additives for translation reaction may be different depending on the cell extract for 
cell-free protein synthesis to be used, however, any of those known in the art can be 
appropriately chosen and used. 

To be specific, for example, when a wheat germ extract is used, a translation reaction 
solution contains nucleic acids as a template, amino acids as substrates, energy sources, 
various kinds of ions, buffer, ATP-regenerating system, nuclease inhibitors, tRNAs, a 
reductant, polyethylene glycol, 3', 5'-cAMPs, folate, an antibacterial agent, and the like. 
These additives are preferably contained at their respective concentrations: 100 fiM to 0.5 
mM for ATP, 25 \iM to I mM for GTP, and 25 \iM to 0.4 mM for each of 20 different amino 
acids. In a case where a wheat germ extract prepared by the method as described in WO 
03/064671 is used as a cell extract, generally, there is no need to add tRNA. 
[0027] 

The method or device for protein synthesis can be selected from those known in the 
art, each of which is suitable for a selected cell extract for cell-free protein synthesis. When 
a wheat germ extract is used, a method in which energy sources, amino acids, or tRNAs 
required for cell-free protein synthesis are added to the cell extract for cell-free protein 
synthesis of the present invention, such as a batch method (Pratt, J. M. et al., Transcription 
and Translation, Hames, 179-209, B.D. & Higgins, S.J., eds, IRL Press, Oxford (1984)), a 
continuous cell-free protein synthetic system in which amino acids, energy sources, and the 
like are continuously supplied to the reaction system (Spirin, A. S. et al., Science, 242, 
1 162-1 164 (1988)), a dialysis method (Kigawa et al., 21th Annual Meeting of Molecular 
Biology Society of Japan, WID6), a bilayer method (Sawasaki, T. et al., FEBS Let., 514, 
102-105 (2002)), or the like can be used. Further, a discontinuous gel filtration method 
(JP-A-2000-333673) or the like can be used, in which a template RNA, amino acids, energy 
sources, and the like are supplied as needed and a synthetic product and decomposed product 
are discharged as needed. Furthermore, a method in which a translation reaction solution is 
superimposed on the upper part of a sol or gel that contains amino acids, energy sources, and 
the like required for the cell-free protein synthesis can be used (WO 2004/050891). 
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[0028] 

Nucleic acids used as a template are one that encodes a target protein. The target 
protein may be any protein that can be synthesized in the cell extract of the present invention. 
However, the advantage of using the cell extract of the present invention is exerted in the 
purification of the target protein and the analysis of the interaction between the target protein 
and a substance, so that a preferable protein may be one that has an affinity to a substance 
.carried on an affinity support and binds to the substance. When the target protein is purified, 
it is necessary that the protein binds to the substance carried on the affinity support. In this 
case, when a target protein does not bind to the affinity support used in the production of the 
cell extract for cell-free protein synthesis of the present invention or one used in the 
purification of the target protein as described below, nucleic acids that encode a fusion protein 
comprising a peptide capable of binding to the affinity support (hereinafter, also referred to as 
a "tag") can be used. 

To be specific, the nucleic acids preferably have a nucleotide sequence that encodes 
the target protein or a nucleotide sequence that encodes a fusion protein comprising the target 
protein and the tag (hereinafter, also referred to as "ORF"), and also has a 
transcription/translation-controlling region such as a promoter sequence, a translation activity 
enhancement sequence, and the like at the upstream of ORF, and a termination sequence and a 
non-translated region for mRNA stability at the downstream. The promoter sequence can be 
appropriately selected depending on the cell extract for cell-free protein synthesis of the 
present invention or an RNA polymerase used for transcription. To be specific, when SP6 
RNA polymerase is used for transcription, an SP6 promoter is preferably used. Specific 
examples of the translation activity enhancement sequence include a 5'-cap structure (Shatkin, 
Cell, 9, 645- (1976)), a Kozak's sequence (Kozak, Nucleic Acid. Res., 12, 857- (1984)) in a 
eukaryote, and a Shine-Dalgarno sequence in a prokaryote. Further, it is known that a 
5'-nontranslated leader sequence of RNA virus also has a translation-promoting activity 
(Japanese Patent No. 2814433) and a method of effectively carrying out protein synthesis 
using such a sequence has been developed (JP-A-10-146197). 
[0029] 

The target protein may be any of proteins that can be synthesized by the 
above-mentioned synthetic method using the cell extract for cell-free protein synthesis of the 
present invention. When a fusion protein comprising a tag is used as a target protein, the tag 
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to be used is one having a property of specifically binding to the above-mentioned affinity 
support. Examples of the combination of a affinity support used in the present invention and 
a tag specifically binding to the affinity support include: a metal ion immobilized support and 
polyhistidine; a maltose-immobilized support and a maltose-binding protein; a 
glutathione-immobilized support and a glutathione-S transferase (GST); a 
methotrexate-immobilized support and a dihydrofolate reductase (DHFR); a Protein 
G-immobilized support or Protein A-immobilized support and an Fc region of an antibody; an 
antibody Fc region-immobilized support and a Protein G or Protein A; a 4-aminophenylarsine 
oxide-immobilized support and thioredoxin; a cellulose-immobilized support and a 
cellulose-binding region; an anti-HA antibody-immobilized support and an HA tag; an 
anti-FLAG antibody-immobilized support and a FLAG tag; an anti-myc 

antibody-immobilized support and a myc tag; an anti-T7 antibody-immobilized support and a 
T7 tag; an anti-V5 antibody-immobilized support and a V5 tag; an anti-thioredoxin 
antibody-immobilized support and thioredoxin; an anti-CAT antibody-immobilized support 
and a CAT tag; and an anti-GFP antibody-immobilized support and a GFP 
[0030] 

Any of these tags may be contained in any part of the target protein, and it may 
preferably be positioned at the N- or C-terminal of the target protein. When any of the 
antibody-immobilized supports listed in the above section (1) is used in the production of the 
cell extract for cell-free protein synthesis of the present invention, or in the purification of a 
target protein, a fusion protein comprising an antigenic polypeptide against such an antibody 
and the target protein can be used. Here, when the antigen against the antibody immobilized 
on the support is the target protein itself, the target protein itself can be used. The structure 
of the antigenic polypeptide to be used as a tag is not particularly limited as far as it can bind 
to an antibody carried on the support. 
[0031] 

Further, when an avidin-immobilized support or a streptoavidin-immobilized support 
is used in the production of the cell extract for cell-free protein synthesis of the present 
invention or the purification of a target protein, a synthetic method in which the target is 
labeled with biotin is used. To be specific, for example, a method, in which biotinylated 
amino acids and a template that encode a target protein is used. 
[0032] 
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Further, if required, a template, which has a structure for cleaving the tag from the 
target protein after purification of the target protein using the affinity support, can be used. 
To be specific, a template that encodes a protein in which a protease-recognition sequence is 
inserted between the tag and the target protein can be used. To be specific, an example of 
the protease-recognition sequence may be a PreScission™ Protease (Amersham Bioscience, 
Co., Ltd.) recognition sequence, and the like. 

Further, when the protein synthesized using the cell extract of the present invention is 
used in the analysis of the interaction between a protein and a substance, a protein to be 
synthesized is preferably synthesized so as to have a form suitable for the interaction analysis. 
To be specific, for example, it may be a molecule having a form in which a protein 
(polypeptide) is covalently bound to nucleic acids that encode the protein, and the like. A 
synthetic method of such a molecule, and a method of analyzing the interaction between a 
protein and a substance using such a molecule can be carried out by using the method as 
described in, for example, WO 98/16636. 
[0033] 

(3) Purification of a target protein 

A reaction solution for protein synthesis obtained as described in the above section 
(2) is brought into contact with an affinity support which is used in the production of a cell 
extract for cell-free protein synthesis of the present invention or substantially the same affinity 
support, and then the protein which binds to the affinity support is eluted, thereby purifying 
the target protein with a high purity. The phrase "substantially the same affinity support" 
means that it is not required to be completely the same as far as it can bind to the same 
substance as the substance to which the affinity support used in the production of a cell 
extract for cell-free protein synthesis of the present invention binds and it has a property of 
adsorbing the synthesized protein. For the purification of a target protein using the affinity 
support, any known method suitable for each affinity support can be used. Addition of a 
compound having an imidazole ring such as 5 to 20mM of imidazole, or a derivative thereof 
to a buffer for equilibrating the affinity support and to an elution buffer can avoid non-specific 
adsorption on the affinity support and can increase purification efficiency of the target protein. 
[0034] 

After the adsorption on the affinity support, the target protein eluted by an 
appropriate method can be isolated, for example, by a SDS-polyacrylamide gel 
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electrophoresis or the like and then confirmed by CBB staining or the like. 
[0035] 

(4) Analysis of interaction between a target substance and a protein 

Further, a protein synthesized using the cell extract of the present invention can also 
be used in the analysis of the interaction between a protein and a substance. For instance, a 
support on which a target substance capable of binding to a protein is carried is used as an 
affinity support and is then brought into contact with a protein synthesized using the cell 
extract of the present invention, thereby the analysis of the interaction between the protein 
and the target substance can be analyzed. In this case, a single kind of protein may be 
synthesized and the interaction between the protein and the target substance carried on the 
support may be analyzed. Alternatively, a plurality of proteins, such as a protein library, 
may be synthesized and any protein that interacts with the target substance may be searched 
from these proteins. The method of analyzing the interaction is not particularly limited, and 
for example, a labeled protein is synthesized and the analysis may be carried out on the basis 
of the amount of a labeled substance that specifically binds to the support. In addition, a 
molecule as described above which has a form that a protein (polypeptide) is covalently 
bound to nucleic acids that encode the protein may be used. In this case, a protein that binds 
to the target substance can be easily identified, so that it is suitable for the study of searching a 
protein that interacts with a target substance. 
[0036] 

EXAMPLES 

Hereinafter, the present invention will be more specifically described with reference 
to examples. The examples as described below show only some embodiments of the present 
invention, and the scope of the present invention is not limited to the following examples. 

In the following examples, "min" represents "minute(s)", "I" represents "liter", "ml' 1 
represents "milliliter", "M" represents "mole/liter", "mM" represents "millimole/liter", and 
"|ig" represents "microgram", respectively. 
[0037] 

Example 1 : Fine grinding extraction with Waring blender 

Chihoku wheat (unsterilized) grown in Hokkaido was used and germ was then 
separated therefrom according to the method described in the examples of WO 02/295377, 
and, sorted until the purity of germ (in other words, weight ratio of germ contained in lg of a 
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given sample) reaches to 98% or more. Subsequently, 50 g of the obtained wheat germ was 
suspended in distilled water at 4°C and then washed with an ultrasonic cleaner until a washing 
solution no longer becomes cloudy. Subsequently, the germ was suspended in a solution of 
0.5% by volume of Nonidet P40 and then washed with an ultrasonic cleaner until a washing 
solution no longer becomes cloudy, thereby obtaining endosperm components-free wheat 
germ. 

Next, the following procedure was carried out at 4°C to obtain a wheat germ extract. 
At first, the washed wheat germ was placed in a Waring blender together with 100 ml of 
extraction buffer (80 mM of HEPES-KOH (pH 7.8), 200 mM of potassium acetate, 10 mM of 
magnesium acetate, 4 mM of calcium chloride, 0.6 mM of each of 20 different L -amino acids, 
and 8 mM of dithiothreitol) and then ground at a rotational frequency of 5,000 to 20,000 rpm 
for 30 sec. The germ and the like attached to the inner wall of the blender were scraped off, 
and then ground again at 5,000 to 20,000 rpm for 30 sec twice. The particle-size distribution 
of the obtained ground germ product was determined using a laser-scattering measuring 
device for particle-size distribution (LA-920, Horiba, Ltd.). 
[0038] 

A mixture of the resultant extract and the ground germ was transferred to a centrifuge 
tube and then centrifuged at 30,000 g for 30 min, followed by collecting a supernatant. 
Subsequently, the procedure of centrifugation at 30,000 g for 30 min to collect a supernatant 
was repeated five times, thereby obtaining a transparent supernatant. The obtained 
supernatant was subjected to a gel filtration with a Sephadex G-25 column previously 
equilibrated with a buffer (40 mM of HEPES-KOH (pH 7.8), 100 mM of potassium acetate, 5 
mM of magnesium acetate, 0.3 mM of each of 20 different L-amino acids, and 4 mM of 
dithiothreitol). The obtained solution was centrifuged at 30,000 g for 12 min to collect a 
supernatant, followed by concentrating the supernatant through an ultrafilter membrane. 
The concentrated product was designated as a wheat germ extract. The concentration of the 
sample was adjusted so that the optical density (O.D.) of the sample at 260 nm (A 2 6o) was in 
the range of 180 to 250 (A 2 6o/A 2 80 is approximately 1.5) (hereinafter, also referred to as an 
"untreated extract"). 
[0039] 

Example 2: Treatment of wheat germ extract with Talon Metal Affinity Resin column 
(1) Equilibration of Talon Metal Affinity Resin column 
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100 |il of 50% solution of a Talon Metal Affinity Resin (manufactured by Clontech, 
BD Biosciences) was added to a spin column and then centrifuged at 3,000 rpm for 1 min at 
4°C to remove a storage buffer from the column support. Subsequently, the storage 
buffer-free support was added with 500 ^1 of the buffer (40 mM of HEPES-KOH (pH 7.8), 
100 mM of potassium acetate, 5 mM of magnesium acetate, 0.3 mM of each of 20 different 
L-amino acids, and 4 mM of dithiothreitol) used at the time of preparing the wheat germ 
extract, and then centrifuged at 3,000 rpm for 1 min at 4°C to remove the buffer from the 
column support. This procedure was repeated three times to equilibrate the support. 
[0040] 

(2) Treatment of wheat germ extract treatment with the column 

To the column support equilibrated in the above procedure (1), 50 jal of the wheat 
germ extract produced in Example 1 was added and then incubated at 26°C for 30 min, 
thereby carrying out the adsorption of endogenous proteins of the wheat germ extract, which 
can be adsorbed on the Talon Metal Affinity Resin. After that, the resultant was centrifuged 
at 3,000 rpm for 1 min at 4°C to produce the endogenous proteins-free wheat germ extract 
that had been adsorbed on the Talon Metal Affinity Resin (hereinafter, also referred to as an 
"extract treated with a Talon column"). 
[0041] 

(3) Adjustment of liquid composition of the extract treated with Talon column and the 
untreated extract 

The liquid compositions of the extract treated with the Talon column under the above 
condition and the untreated extract produced in Example 1 were adjusted so as to be final 
concentrations of 30 mM of HEPES-KOH, pH 7.8, 100 mM of potassium acetate, 2.65 mM of 
magnesium acetate, 2.5 mM of dithiothreitol, 1.2 mM of ATP, 0.25 mM of GTP, 16 mM of 
creatine phosphate, 0.4 mg/ml of creatine kinase, 0.380 mM of spermidine, and 20 different 
L-amino acids (0.3 mM of each). Subsequently, the wheat germ extract having the adjusted 
liquid composition was adjusted so as to have 75 Abs of an optical density at 260 nm with a 
buffer (30 mM of HEPES-KOH, pH 7.8, 100 mM of potassium acetate, 2.65 mM of 
magnesium acetate, 2.5 mM of dithiothreitol, 1.2 mM of ATP, 0.25 mM of GTP, 16 mM of 
creatine phosphate, 0.4 mg/ml of creatine kinase, 0.380 mM of spermidine, and 20 different 
L-amino acids (0.3 mM of each). 
[0042] 
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Example 3: Comparison of the protein synthetic ability of the extract treated with Talon 
column with that of the untreated extract 

To 40 jil of each of the two different wheat germ extracts prepared in Example 2, two 
kinds of mRNAs: (i) an mRNA that encodes a GFP gene; and (ii) an mRNA that encodes a 
gene sequence of 10 histidines on the amino terminal, a PreScission™ Protease (Amersham, 
Biosciences, Inc.) recognition sequence at the downstream thereof, and a gene from 
methionine at position 1 to glutamic acid at position 163 of a JSP-1 structural gene at the 
downstream thereof, were used to carry out protein synthesis. 
[0043] 

(1) Preparation of a template 

(i) N-His- JSP-1 (l-163)/pEU 

An oligo DNA containing an SP6 promoter sequence and a ribosome-binding 
sequence in the order from 5' to 3" (SEQ ID NO: 1) was obtained by chemical synthesis. 
Further, a DNA fragment was amplified by PCR using JSP-1 (GenBank Accession No. 
AF424702) as a template, an oligo DNA containing a sequence encoding a histidine tag, a 
PreScission™ Protease (Amersham, Biosciences, Inc.) recognition sequence, and a 5'-end 
sequence of JSP- 1 at the downstream thereof (SEQ ID NO: 2) as a 5'-sense primer, an oligo 
DNA capable of amplifying a fragment up to glutamic acid at position 163 of JSP-1 added 
with a Sfil site on its 5'-end (SEQ ID NO: 3) as a 3 , -antisense primer. The obtained DNA 
fragment was digested with Sfil (hereinafter, also referred to as a 'MSP-l fragment"). 
[0044] 

An SP6 promoter sequence, an omega (Q) sequence, and a multi-cloning site were 
removed from pEU3b (Sawasaki, T., et al., Proc. Natl. Acad. Sci. USA, 99(23), 14652-14657 
(2002)), which is a vector for protein synthesis, and then the Nael and Sfil sites were added to 
the vector. This vector was digested with Nael and then ligated with the DNA fragment 
represented by SEQ ID NO: 1 obtained in the above procedure. The plasmid was designated 
as pEUblunt. The pEUblunt was digested with Smal and Sfil, and then ligated with the 
above-mentioned JSP-1 fragment. The resultant plasmid was designated as N-His-JSP-1 
(l-163)/pEU. 
[0045] 

(ii) GFP/pEU 

A plasmid containing a DNA sequence encoding a green fluorescent protein (GFP) 
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(Plasmid-pCaMV35S-sGFP (S65T)-NOS3'(25), Haas, J. et al., Curr. Biol., 6(3), 3 15-324 
(1996)) was used as a template and primers each having a nucleotide sequence shown in SEQ 
ID NOS: 4 and 5 were used to carry out PCR. The amplified DNA fragment was digested 
with Sfil and then ligated with the pEUblunt that had been digested with Smal and Sfil. The 
resultant plasmid was designated as GFP/pEU. 
[0046] 

(2) Protein synthesis 

Transcription was carried out by using GFP/pEU, N-His-JSP-1 (l-l63)/pEU 
prepared in the above procedure (1) as a template and SP6 RNA polymerase (Promega, Inc.), 
and the resultant RNA was purified by ethanol precipitation by conventional methods. 

A translation reaction solution (30 mM of HEPES-KOH, pH 7.8, 100 mM of 
potassium acetate, 2.65 mM of magnesium acetate, 2.5 mM of dithiothreitol, 1 .2 mM of ATP, 
0.25 mM of GTP, 16 mM of creatine phosphate, 0.4 mg/ml creatine kinase, 0.380 mM of 
spermidine, and 20 jlxI of 20 different L -amino acids (0.3 mM of each)), which contains each 
of the above-mentioned mRNA at a concentration of 2.0 mg/ml with respect to 40 [xl of each 
of two different wheat germ extracts prepared in Example 2, was prepared. 
[0047] 

The translation reaction solution was placed in a dialysis membrane and then carried 
out protein synthesis reaction at 26°C for 24 hours using a buffer (30 mM of HEPES-ICOH, 
pH 7.8, 100 mM of potassium acetate, 2.65 mM of magnesium acetate, 2.5 mM of 
dithiothreitol, 1.2 mM of ATP, 0.25 mM of GTP, 16 mM of creatine phosphate, 0.380 mM of 
spermidine, and 2.5 ml of 20 different L-amino acids (0.3 mM of each)) as an external 
dialysis solution. 
[0048] 

1 [il of protein synthesis solution after reaction was separated by SDS-PAGE and a 
synthesized product was then analyzed by CBB staining. The results are shown in Fig. 1. 
In the figure, the lane 1 represents a marker, the lane 2 represents creatine kinase as a control, 
the lane 3 represents a reaction solution in which N-His-JSP-1 was synthesized by using the 
untreated extract, the lane 4 represents a reaction solution in which N-His-JSP-1 was 
synthesized by using the extract treated with a Talon column, the lane 5 represents a reaction 
solution in which GFP was synthesized by using the untreated extract, and the lane 6 
represents a reaction solution in which GFP was synthesized by using the extract treated with 
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Talon column. As is evident from the figure, the wheat germ extract treated with the Talon 
Metal Affinity Resin column did not show an extremely low synthetic ability but showed 
almost equal ability to that of the untreated wheat germ extract. 
[0049] 

Example 4: Comparison of the purification using Talon Metal Affinity Resin 

(1) Purification of protein synthesis reaction solution using Talon Metal Affinity Resin 

column 

50 jil of each of a reaction solution in which a synthesis reaction using an mRNA of 
N-His-JSP-1 (1-163) of Example 3 (2) as a template had been carried out by the extract 
treated with the Talon column and a reaction solution in which a synthesis reaction using an 
mRNA of N-His-JSP-1 (1-163) of Example 3 (2) as a template had been carried out by the 
untreated extract, was added to the Talon Metal Affinity Resin equilibrated by the same way 
as the procedure of Example 2(1), and then incubated at 4°C for 60 min to allow the protein 
synthesis reaction solution to be adsorbed on the Talon Metal Affinity Resin. Subsequently, 
the resultant was centrifuged at 3,000 rpm for 1 min at 4°C. After that, 500 fil of a wash 
buffer (30 mM of HEPES-KOH (pH 7.8), 300 mM of sodium chloride, 10% glycerol, 10 mM 
of imidazole, and 2 mM of P-mercaptoethanol) was added and then centrifuged at 3,000 rpm 
for 1 min at 4°C to remove the buffer. This procedure was carried out three times, thereby 
washing proteins and the like nonspecifically adsorbed on the Talon Metal Affinity Resin. 
Then, 50 ^il of elution buffer (30 mM of HEPES-KOH (pH 7.8), 300 mM of sodium chloride, 
10% glycerol, 400 mM of imidazole, and 2 mM of P- mercaptoethanol) was added to the 
above-mentioned column support and then incubated at 4°C for 10 min, thereby eluting a 
protein adsorbed on the Talon Metal Affinity Resin. 
[0050] 

1 jal of the eluent as described above was separated by SDS-PAGE and then stained 
with CBB to analyze the purity of each protein. The results are shown in Fig. 2. In the 
figure, the lane 1 represents a molecular marker, the lane 2 represents creatine kinase as a 
control, the lane 3 represents a result obtained by carrying out purification with a Talon Metal 
Affinity Resin column after protein synthesis using the untreated extract, and the lane 4 
represents a result obtained by carrying out the purification with a Talon column after the 
protein synthesis using the extract treated with the same column. 
[0051] 
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As is evident from these results, in the case where the protein synthesized using the 
extract treated with the Talon column was purified with the Talon Metal Affinity Resin 
column, the resultant protein contains only the target protein, while the results obtained by 
purifying the protein synthesized using the extract untreated with the Talon Metal Affinity 
Resin column showed that proteins derived from the wheat germ extract other than the target 
protein were contained in the eluent. From these results, it was confirmed that the target 
protein can be purified at an extremely high level by carrying out the purification of the 
protein synthesized by the extract treated with the Talon column, by using the Talon Metal 
Affinity Resin column. 
[0052] 

Example 5: Treatment of wheat germ extract with Ni-NTA column 

(1) Equilibration of Ni-NTA column 

100 |il of 50% solution of Ni-NTA, which is a metal ion immobilized column support 
(QIAGEN), was added to a spin column and then centrifuged at 3,000 rpm for 1 min at 4°C to 
remove the storage buffer from the column support. Next, to the storage buffer-free support, 
500 |il of buffer (40 mM of HEPES-KOH (pH 7.8), 100 mM of potassium acetate, 5 mM of 
magnesium acetate, 0.3 mM of each of 20 different L-amino acids, 1 mM of dithiothreitol, 
and 10 mM of imidazole), which had been used for producing a wheat germ extract, was 
added and then centrifuged at 3,000 rpm for I min at 4°C to remove the buffer. This 
procedure was repeated three times to equilibrate the support. 
[0053] 

(2) Treatment of wheat germ extract with Ni-NTA column 

To the column support equilibrated in the above-mentioned section (1), a mixture 
prepared by adding 10 mM of imidazole to 50 |il of the wheat germ extract produced in 
Example 1 was applied and then incubated for 30 min at 4°C to carry out the adsorption of 
endogenous proteins of the wheat germ extract which can be adsorbed on the Ni-NTA column. 
Subsequently, the resultant was centrifuged at 3,000 rpm for 1 min at 4°C, thereby producing 
the endogenous proteins-free wheat germ extract which can be adsorbed on the Ni-NTA 
column (hereinafter, also referred to as an "extract treated with a Ni-NTA column"). 
[0054] 

(3) Adjustments of the liquid composition of the extract treated with Ni-NTA column and the 
untreated extract 
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The liquid compositions of the extract treated with Ni-NTA column produced under 
the above-mentioned condition and the untreated extract produced in Example 1 were 
adjusted so as to be final concentrations of 30 mM of HEPES-KOH, pH 7.8, 100 mM of 
potassium acetate, 2.65 mM of magnesium acetate, 2.5 mM of dithiothreitol, 1 .2 mM of ATP, 
0.25 mM of GTP, 16 mM of creatine phosphate, 0.4 mg/ml of creatine kinase, 0.380 mM of 
spermidine, and 20 different L-amino acids (0.3 mM of each). Subsequently, the wheat 
germ extract having the adjusted liquid composition was adjusted so as to have 75 Abs of an 
optical density at 260 nm using a buffer (30 mM of HEPES-KOH, pH 7.8, 100 mM of 
potassium acetate, 2.65 mM of magnesium acetate, 2.5 mM of dithiothreitol, 1.2 mM of ATP, 
0.25 mM of GTP, 16 mM of creatine phosphate, 0.6 mg/ml of creatine kinase, 0.380 mM of 
spermidine, and 20 different L-amino acids (0.3 mM of each). 
[0055] 

Example 6: Comparison of protein synthetic ability of the extract treated with Ni-NTA 
column with that of the untreated extract 

To 40 \il of each of two different wheat germ extracts prepared in Example 5, two 
kinds of mRNAs: (i) an mRNA that encodes a gene of Protein Kinase 65 (SEQ ID NO: 6) 
added with a sequence of 10 histidines at a downstream thereof; and (ii) an mRNA that 
encodes a structural gene of Protein Kinase 142 (helix clone) added with a sequence of 10 
histidines at a downstream thereof were used to carry out protein synthesis. 
[0056] 

(1) Preparation of a template 

(i) Protein Kinase 65-CHIS/pEU 

A DNA fragment was amplified by PCR using Protein Kinase 65 (SEQ ID NO: 6) as 
a template, an oligo DNA containing a 5'-end sequence of the Protein Kinase 65 (SEQ ID 
NO: 7) as a 5'-sense primer, and an oligo DNA which was added with Sfil site to the 5'-end 
and added with a sequence encoding a histidine tag, and can amplify Protein Kinase 65 
containing no termination codon (SEQ ID NO: 8) as a 3'-antisense primer. The obtained 
DNA fragment was digested with Sfil (hereinafter, also referred to as a "PK65 fragment"). 
Subsequently, the pEUblunt as described in the procedure (i) of Example 3(1) was digested 
with Smal and Sfil, and then ligated with the PK65 fragment. The obtained plasmid was 
designated as Protein Kinase 65-CHIS/pEU. 
[0057] 
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(ii) Protein Kinase 142-CHIS/pEU 

A DNA fragment was amplified by PCR using Protein Kinase 142 (SEQ ID NO: 9) 
as a template, an oligo DNA containing a 5'-end sequence of the Protein Kinase 142 at the 
downstream thereof (SEQ ID NO: 10) as a 5*-sense primer, and an oligo DNA which was 
added with Sfil site to the 5'-end and added with a sequence coding a histidine tag, and can 
amplify Protein Kinase 142 containing no termination codon (SEQ ID NO: 1 1) as a 
3'-antisense primer. The obtained DNA fragment was digested with Sfil (hereinafter, also 
referred to as a "PK142 fragment"). Subsequently, the pEUblunt as described in the 
procedure (i) of Example 3(1) was digested with Smal and Sfil, and then ligated with the 
PK142 fragment. The obtained plasmid was designated as Protein Kinase 142-CHIS/pEU. 
[0058] 

(2) Protein synthesis 

Transcription was carried out by using Protein Kinase 142-CHIS/pEU or Protein 
Kinase 65-CHIS/pEU which had been prepared in the above-mentioned procedure (1) as a 
template, and using SP6 RNA polymerase (Promega), and the obtained RNA was purified by 
an ethanol precipitation according to the usual methods. 

A translation reaction solution (30 mM of HEPES-KOH, pH 7.8, 100 mM of 
potassium acetate, 2.65 mM of magnesium acetate, 2.5 mM of dithiothreitol, 1.2 mM of ATP, 
0.25 mM of GTP, 16 mM of creatine phosphate, 0.6 mg/ml creatine kinase, 0.380 mM of 
spermidine, and 20 jaI of 20 different L-amino acids (0.3 mM of each)), which contains each 
of the above-mentioned mRNA at a concentration of 2.0 mg/ml with respect to 40 ^1 of each 
of two different wheat germ extracts prepared in Example 5, was prepared. 
[0059] 

The translation reaction solution was placed in a dialysis membrane and then protein 
synthesis reaction was carried out at 26°C for 24 hours using a buffer (30 mM of 
HEPES-KOH, pH 7.8, 100 mM of potassium acetate, 2.65 mM of magnesium acetate, 2.5 
mM of dithiothreitol, 1.2 mM of ATP, 0.25 mM of GTP, 16 mM of creatine phosphate, 0.380 
mM of spermidine, and 2.5 ml of 20 different L-amino acids (0.3 mM of each)) as an external 
dialysis solution. 

The amount of the target protein in the respective reaction solution for protein 
synthesis was compared with each other by the method as described in Example 3(2). As a 
result, the protein synthetic ability of the extract treated with the Ni-NTA column was almost 
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equal to that of the untreated extract. 
[0060] 

Example 7: Comparison of the purification with Ni-NTA column of the respective reaction 
solutions for protein synthesis 

(1) Purification of the protein synthesis reaction solution using Ni-NTA column 

50 jil of each of the reaction solution in which synthesis reaction with an mRNA of 
Protein Kinase 65-CHIS or Protein Kinase 142-CHIS of Example 6 (2) as a template had been 
carried out using the extract treated with the Ni-NTA column and the reaction solution in 
which synthesis reaction with an mRNA of Protein Kinase 65-CHIS or Protein Kinase 
142-CHIS of Example 6 (2) as a template had been carried out using an untreated extract was 
added to the Ni-NTA column equilibrated by the same way as the procedure of Example 5(1), 
and then incubated at 4°C for 60 min to allow the protein synthesis reaction solution to be 
adsorbed on the Ni-NTA column. Subsequently, the resultant was centrifuged at 3,000 rpm 
for 1 min at 4°C. After that, 500 ^1 of wash buffer (30 mM of HEPES-KOH (pH 7.8), 300 
mM of sodium chloride, 10% glycerol, 10 mM of imidazole, and 1 mM of dithiothreitol) was 
added and then centrifuged at 3,000 rpm for 1 min at 4°C to remove the buffer This 
procedure was carried out three times, thereby washing proteins and the like that were 
nonspecifically adsorbed on the support. Then, 50 jal of elution buffer (30 mM of 
HEPES-KOH (pH 7.8), 300 mM of sodium chloride, 10% glycerol, 200 mM of imidazole, 
and 1 mM of dithiothreitol) was added to the above-mentioned column support and then 
incubated at 4°C for 10 min, thereby eluting a protein adsorbed on the Ni-NTA column. 
[0061] 

1 ^1 of the eluent as described above was separated by SDS-PAGE and then stained 
with CBB to analyze the purity of each protein. The results are shown in Fig. 3. In the 
figure, the lane 1 represents a result obtained by carrying out the purification with the Ni-NTA 
column after the synthesis of PK65 using the untreated extract, the lane 2 represents a result 
obtained by carrying out the purification with the a Ni-NTA column after the synthesis of 
PK65 using the extract treated with the same Ni-NTA column, the lane 3 represents a result 
obtained by carrying the purification with the Ni-NTA column after the synthesis of PK142 
using the untreated extract, and the lane 4 represents a result obtained by carrying out the 
purification with the Ni-NTA column after the synthesis of PK142 using the extract treated 
with the same Ni-NTA column. 
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[0062] 

As is evident from these results, in the case where the protein synthesized using the 
extract treated with the Ni-NTA column was purified with the Ni-NTA column, the purity of 
the target protein in the eluent is high, while, in the case where the protein synthesized using 
the untreated extract was purified with the Ni-NTA column, it was found that proteins derived 
from the wheat germ extract other than the target protein were contained in the eluent at high 
concentration. From these results, it was confirmed that the target protein can be purified at 
an extremely high level by carrying out the purification of the protein, which has been 
synthesized by the extract treated with the Ni-NTA column, by using Ni-NTA column. 
[0063] 

Example 8: Treatment of wheat germ extract with a glutathione-immobilized support 

(1) Equilibration of a glutathione-immobilized support column 

50 jil of MicroSpin GST Purification Module, which is a glutathione-immobilized 
support (Amersham, Biosciences), was added to a column and then centrifuged at 3,000 rpm 
for 1 min at 4°C to remove the storage buffer from the column. Next, to the storage 
buffer-free support, 500 ^1 of the buffer (40 mM of HEPES-KOH (pH 7.8), 100 mM of 
potassium acetate, 5 mM of magnesium acetate, 0.3 mM of each of 20 different L-amino 
acids, and 2.5 mM of dithiothreitol), which had been used for preparing the wheat germ 
extract, was added and then centrifuged at 3,000 rpm for 1 min at 4°C to remove the buffer. 
This procedure was repeated three times to equilibrate the support. 
[0064] 

(2) Treatment of wheat germ extract with glutathione-immobilized support column 

To the column support equilibrated in the above-mentioned section (1), 50 jil of the 
wheat germ extract produced in Example 1 was applied and then incubated at 4°C for 30 min 
to carry out the adsorption of endogenous proteins of the wheat germ extract, which can be 
adsorbed on a gluthatione-immobilized support column. Subsequently, the resultant was 
centrifuged at 3,000 rpm for 1 min at 4°C, thereby preparing the endogenous proteins- free 
wheat germ extract to be adsorbed on the gluthatione-immobilized support column 
(hereinafter, also referred to as an "extract treated with a gluthatione-immobilized support). 
[0065] 

(3) Adjustments of liquid composition of the extract treated with the gluthatione-immobilized 
support and the untreated extract 
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The liquid compositions of the extract treated with the gluthatione-immobilized 
support prepared under the above-mentioned condition and the untreated extract prepared in 
Example 1 were adjusted so as to be final concentrations of 30 mM of HEPES-KOH, pH 7.8, 
100 mM of potassium acetate, 2.65 mM of magnesium acetate, 2.5 mM of dithiothreitol, 1.2 
mM of ATP, 0.25 mM of GTP, 16 mM of creatine phosphate, 0.4 mg/ml of creatine kinase, 
0.380 mM of spermidine, and 20 different L-amino acids (0.3 mM of each). Subsequently, 
the wheat germ extract having the adjusted liquid composition was adjusted so as to have 75 
Abs of an optical density at 260 nm using a buffer (30 mM of HEPES-KOH, pH 7.8, 100 mM 
of potassium acetate, 2.65 mM of magnesium acetate, 2.5 mM of dithiothreitol, 1.2 mM of 
ATP, 0.25 mM of GTP, 16 mM of creatine phosphate, 0.4 mg/ml of creatine kinase, 0.380 mM 
of spermidine, and 20 different L-amino acids (0.3 mM of each)). 
[0066] 

Example 9: Comparison of protein synthetic ability of the extract treated with 
glutathione-immobilized support with that of the untreated extract 

To 40 ]il of each of two different wheat germ extracts prepared in Example 8, protein 
synthesis was carried out using (i) an mRNA that encodes a structural gene of GFP added with 
a gene sequence of GST at the upstream thereof. 
(1) Preparation of a template 

(i) NGST-GFP/pEU 

A DNA fragment was amplified by PCR using GST (SEQ ID NO: 12) as a template, 
an oligo DNA containing a 5'-end sequence of GST (SEQ ID NO: 13) as a 5'-sense primer, 
and an oligo DNA which was added with a sequence annealing to the 5'-end of GFP at the 
5'-end, and can amplify GST containing no terminal codon (SEQ ID NO: 14) as a 3'-antisense 
primer. A DNA fragment was amplified by PCR using the obtained DNA fragment and the 
GFP fragment produced in Example 3 as templates, the oligo DNA containing a sequence of 
GST (SEQ ID NO: 1 3) as a 5'-sense primer, and the oligo DNA containing a sequence of GFP 
added with Sfil sequence at 5'~end (SEQ ID NO:5) as a 3'-antisense primer. The obtained 
DNA fragment was digested with Sfil (hereinafter, also referred to as a "GST-GFP fragment"). 
pEUblunt as described in the procedure (i) of Example 3(1) was digested with Smal and Sfil, 
and then ligated with the above-mentioned GST-GFP fragment. The obtained plasmid was 
designated as NGST-GFP/pEU. 
[0067] 
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(2) Protein synthesis 

Transcription was carried out by using NGST-GFP/pEU prepared in the 
above-mentioned procedure (1) as a template and using SP6 RNA polymerase (manufactured 
by Promega, Inc.), and the obtained RNA was purified by an ethanol precipitation according 
to a usual method. 

A translation reaction solution (30 mM of HEPES-KOH, pH 7.8, 1 00 mM of 
potassium acetate, 2.65 mM of magnesium acetate, 2.5 mM of dithiothreitol, 1.2 mM of ATP, 
0.25 mM of GTP, 16 mM of creatine phosphate, 0.4 mg/ml creatine kinase, 0.380 mM of 
spermidine, and 20 jil of 20 different L-amino acids (0.3 mM of each)), which contains each 
of the above-mentioned mRNA at a concentration of 2.0 mg/ml with respect to 40 |al of each 
of two different wheat germ extracts prepared in Example 8, was prepared. 
[0068] 

The translation reaction solution was placed in a dialysis membrane and then protein 
synthesis reaction was carried out at 26°C for 24 hours using a buffer (30 mM of 
HEPES-KOH, pH 7.8, 100 mM of potassium acetate, 2.65 mM of magnesium acetate, 2.5 
mM of dithiothreitol, 1.2 mM of ATP, 0.25 mM of GTP, 16 mM of creatine phosphate, 0.380 
mM of spermidine, and 2.5 ml of 20 different L-amino acids (0.3 mM of each)) as an external 
dialysis solution. 

The amounts of target proteins in the respective reaction solutions for protein 
synthesis were compared with each other by the method as described in Example 3(2). As a 
result, the protein synthetic ability of the extract treated with the glutathione-immobilized 
support was almost equal to that of the untreated extract. 
[0069] 

Example 10: Comparison of purification of the protein synthesis reaction solution with a 
glutathione-immobilized support column 

(1) Purification of reaction solution for protein synthesis with a glutathione-immobilized 
support column 

50 tx\ of each of a reaction solution in which the synthesis reaction using an mRNA 
of GST-GFP as a template had been carried out with an extract treated with the 
glutathione-immobilized support in Example 9(2)or a reaction solution in which the synthesis 
reaction using an mRNA of GST-GFP as a template had been carried out in of Example 9(2) 
with an untreated extract was added to the glutathione-immobilized support column 
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equilibrated by the same way as the procedure of Example 8(1), followed by allowing the 
protein synthesis reaction solution to be adsorbed on the support according to the protocol of 
MicroSpin GST Purification Module (Amersham Biosciences, Inc.). Subsequently, proteins 
and the like which were non-specifically adsorbed on the support were washed and eluted 
according to the protocol of MicroSpin GST Purification Module (Amersham Biosciences, 
Inc.). 
[0070] 

5 jil of the eluent as described above was separated by SDS-PAGE and then stained 
with CBB to analyze the purity of target protein. From the result, in the case where the 
protein synthesized by using the extract treated with the glutathione-immobilized support 
column was purified with the same glutathione-immobilized column, the purity of the target 
protein was slightly higher as compared with the case using the untreated extract. Further, 
according to the result obtained by purifying the target protein, which had been synthesized 
using the untreated extract, with the glutathione-immobilized support column, it was found 
that a small amount of proteins derived from the wheat germ extract was contained in the 
eluent, in addition to the target protein. 
[0071] 

INDUSTRIAL APPLICABILITY 
A target protein of high purity can be obtained by carrying out protein synthesis by 
using a cell extract for cell-free protein synthesis, which has been improved by the present 
invention, and then purifying the protein by using the affinity support which has been used in 
the production of the cell extract. According to such a method, because a bed volume of the 
affinity support column can be reduced, the target protein can also be concentrated, and thus, 
it is very advantageous to collect a protein synthesized in a small amount in a cell-free protein 
synthetic system. Further, it becomes possible to supply a large amount of a highly-purified 
target protein for structural and functional analysis of protein, where a highly-purified protein 
is required. 

Still further, it becomes possible to significantly reduce the ratio of pseudo-positives 
and carry out an interaction analysis at higher efficiency in a case where the analysis of the 
interaction between a protein and a substance is carried out by performing the protein 
synthesis using a cell extract for cell-free protein synthesis, which has been improved by the 
present invention, and contacting the protein with an affinity support which is substantially 
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the same affinity support as one used in the production of the cell extract to select a protein 
which has an affinity to a substance retained on the affinity support and binds to the 
substance. 
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